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@ Photopolymerizabte composition. 

@ A ptrotopolymerizable composition comprising at least (A) 
a higti-molecular weight compound having a weight-average 
molecular weight of not less than 10,000 and having a 
polymerizabte double bond in a side chain, and (B) a 
potymerizable monomer of formula (I): 



-C-C=CH. 
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wherein H\ and R^ independently are hydrogen or a 



-C-CH=CH, 



group, with the proviso that two or more of them are not 
simultaneously hydrogen is useful as a solder photoresist In the 
production of printed circuit boards. 
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Description 

PHOTOPOLYMERIZABLE COMPOSmOM 

The present invention r^ates to a novel photopoly merizable composition having excellent properties for use 
as a solder resist in production of printed circuit boards or as an electroless plating resist and therefore suited 
5 for use in preparation of a permanent protective mask. More particulariy, the present invention relates to a 
photopolymerizable compo^tion suited for use as a contact exposure type solder photoresist for printed 
circuit boards on which the resist is applied and, after removing ttie solvent image exposure and development 
are conducted to form a desired pattern. 
Screen printing method has been popularly used for forming a solder resist used in the production of printed 
10 circuit boards. This method, however, had the problem in resolving performance and improvement thereof has 
been desired. 

As a resist forming technique by which exceilent resolving perfomiance is provided, there is known a 
method in which a liquid photosensitive composition is applied on the whole surface of a circuit-conned base 
plate and. after removing the solvent by heating, image exposure is made through a mask, followed by the 
15 development to form a resist patem. However, this method also had the disadvantages such as possible 
adhesion of the mask to the surface coat of the base plate during the exposure due to high tackiness of the 
coat after removal of the solvent, poor developing performance, sensitivity and solvent resistance, aiKl 
unsatisfactory adherence to the solder circuit 

Screen ink compositions for solder resist containing a compound such as trisacryloyloxyeth^ isocyanurate 
20 represented by the following formula (I) and an oligomer or monomer ha^ng a molecular weight of not more 
than 5,000 have been known (Japanese Patent Application Laid-Open (KOKAI) Nos. 25371/83 and 51962/84): 

O 

25 ^QCn^C&^-lSl'^^ISi-QB^CS.^O^ 
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(wherein R^, and R^ represent hydrogen atom, 
-C-C=CH- 

a 2 
o 

or 



-C-CH=CH9 , 



and two or more of them Eire not hydrogen atom at the same time). 
T?ie coating film formed from these compositions has tacldness. but since these compositions are intended 

50 to be used as screen ink for forming images by printing and no step of image exposure through a mask is 
involved, the surface tackiness poses no problem. However. In the case of the resist forming method of the 
present 'invention wherein image exposure is made tlirough a mask, the surface tacldness tsecomes a serious 
problem. Also, In the case of screen Ink, sensitivity at the time of image exposure and developing performance 
offer no problem since no step of image exposure and development is involved, but they become a problem in 

55 the case of the resist forming method of the present invention. 

As a result of the studies for solving the protHems, it has been found that a composition containing at least 
(A) a high-molecular compound with a weight-average molecular weight of not less than 10.000 having a 
potymerizabie double bond In the side chain and (B) a polymerizable monomer represented by the following 
formula (1). in the case of having fomried a coating film after removing the solvent the thus obtained coating 

60 film showing small in tackiness, good developability. high sensitivity, solvent resistance and excellent 
adhesiveness to solder, and the present invention has been attained on the t>asi5 of this finding. 
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CH2CH2OR- 
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(wherein R"" to ft^ represent hydrogen atom, 

CHo 15 
I ^ 
-C-C=CH9 



or 



20 



-CCH^CHo > 

n ^ 

and two or more of them are not hydrogen atom at the same time). 

The object of the present invention Is to provide a coating solvent-removing type photosensitive resist 
composition containing a specific high-molecular compound, in which In the case of having formed a coating 
film after removing the solvent, the thus obtained coating film shows snnall In tackiness, high in sensitivity at the 30 
time of image exposure through a mask and excellent in developabilrty. 

SUMMARY OF THE INVEI^mON , . * 

In an aspect of the present invention, there is provided a photopolymerizable composition containing at 
least (A) a high-molecular compound with a weight-average molecular weight of not less than 10,000 having a 35 
polymerizable double bond In the side chain, and (B) a polymerizable monomer represented by the following 
formula (I): 



(I) 



CH2CH20R^ 

(wherein R^, R^ and R^ represent hydrogen atom, 
CH^ 
II 2 
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or 

-C-CH=CH2 , 60 
O 

and two or more of them are not hydrogen atom at the same time). 

65 
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DETAILED DESCRIPTION OF THE INVENTION 

The first component (A) of the composition of the present invention is a high-molecular compound with a 
weight-average molecular weight of not less than 10.000 having a polymerizable doubJe bond in the side chain. 
This compound, when combined with a pofymerizabte monomer represented by the fomiuia (i) of the 
5 second component produces a specific synergistic effect to provide a coating film which shows low 
tackiness, high sensitivity, good developabillty and excellent solvent resistance. 

Typical examples of such higtv-molecular compound are polymers made by esterificationHntroducing 
[meth)aciyic acid into (meth)acr^ic polymers containing hydroxyethyl (methjacryiate or hydros^ropyl 
(meth)acrylate singly or as a copolymer polymers made by estertficatiorHntroducing (meth}acTylic acid into 
10 the hydroxy! group of phenoxy resin; polymers made by esterfflcation-introducing (meth)allyl group into the 
hydroxyl group of phenoxy resin; polymers made by addition-modifying glycidyl (meth)acrylate with the 
hydrojqrl group of phenoxy resin; (co) polymers of dialtyl (iso)phthalate and/or triallyl isocyanurate; polymers 
made by esterrfication-tntroduclng (methjacrylic add, crotonic acid, cinnamic acid or the like to (co)polymers 
of glycidyl (meth)acrylate; polymers made by addition-introducing glycidyl (meth)acrylate to carboxyl 
15 group-containing polymers; polymers made by reacting compound containing both of hydroxy! group and 
(meth)acryl group with copolymers of maleic acid; and polymers made tiy esterificafion-introducing 
(meth)acrylic acid to vinyl acetate polymers. 

Among these polymers, those having a (meth}aa7loyl group are advantageous. (Methjacr^ic polymers 
containing the polymerization units represented by the following formula (III) are most pretend. 
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, ^ ? (Ill) 

C00RO0CC=CH2 



II 
O 

(wherein and R^ may be the same or different and represent hydrogen atom or a methyl group, and 
represents 



-CH2CHCH2- , -CHjCHj- or -CH^CH- ^ 
35 OH CH^ 

A weight-average molecular weight of these hIgfMnolecuiar compounds needs not less than 10,000 for 
producing the desired synei^istic effect in combination with a polymeiizable monomer (B) of the fonnula (I) 
which is the second component of the composition of the present invention. It is espedalty preferable in temis 
^ of coatabiltty, coating film surface tackiness and chemical resistance that the weight-average molecular weight 
of the high-molecular compound is in the range of 30.000 to 300,000. 

The second component (B) of the compositbn of the present invention is a polymerizable monomer 
represented by the formula (I): 

O 

50 O I O 

CH2CH20R-^ 

^ (wherein RMo R3 represent hydrogen atom. 



-c-c=i: 



CH3 

H2 



or 
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-CCH^CHj 
O 



and two or more of them are not hydrogen atom at the same time). 

Typical examples of such polymerizable monomer are tris(meth)acrylolyoxyethyl isocyan urate, tris(meth)ac- 
ryioyloxypropyl isocyanurate, and di(meth)acryloyloxyethylhydroxyethyl isocyanurate. 

In the case of using these polymerizable monomers having a weight-average molecular weight of not less 10 
than 10,000 and a polymerizable double bond In the side chain in combination with a high-molecutar compound 
(A) and forming a coating film after removing the solvent, these polymerizable monomers can provide a 
coating film which Is small in tackiness, not adherent to the mask film and high in sensitivity. 

It is preferable to add a third component (C) to the composition of the present invention. The third 
component is at least one substance selected from N-vinyl-2-pyrrolidone, monomers having the structural 75 
units represented by the following formula (II) and urethane (meth)acrylate compounds. 



-f-CHCH20-^ (II) 



CH2=CKCOO -4-GH2CH20->3^^-C-^^0 — (- CH2CH20-^COCH=CH2 
may be exemplified. 

As the urethane (meth)acrylate compounds usable as the third component in the present invention, reaction 
products obtained by reacting diisocyanate compounds with compounds having one (meth)acrylate group 
and one hydroxyl group in the molecule, and reaction products obtained by reacting compounds h^ng 
(meth)acrylate group and hydroxy! group in the molecule with diisocyanate conuwunds obtained by reacting 
diol compounds and diisocyanate compounds may be examplified. 

As the diisocyanate compounds, lysine diisocyanate, hexamethylene diisocyanate, trimethylhexamethylene 
diisocyanate, dlphenylmethane diisocyanate, hydrogenated diphenylmethane diisocyanate, toluene diisocya- 
nate, hydrogenated toluene diisocyanate and the like may be examplified. 

As the compounds having one (meth)acry)ate group and one hydroxyl group in the molecule, 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (methjacrylate, CH2=CHC00 — (-CH2CH2O -4r pH (wherein p Is an 
Integer of not less than 2), 

CH3 

CH2=CHC00CH2CH(0H)CH2O-/O>, CH2-C-COOCH2CH (OH) CH20COCH=CH2 , 

trimethylolpropane di(mBth)acrylate, pentaerlthritol (meth)acrylate. dipentaerithritol penta(meth)acry!ate. 
glycerin di(meth)acrylate. ertthrite (meth)acrylate and the like may be exemplified. 
As the diol compounds, ethylene glycol, propylene glycol, dlethylene glycol, butanediol, hexanediol, 



20 



(wherein n represents an integer from 5 to 25, and represents hydrogen atom or a methyl group). 

The addition of this third component improves adhesiveness to the glass epoxy substrate, paper phenol 25 
substrate, copper surface and solder sur^ce. 

As the monomers having the structural units represented by the formula (II), 

CHj^CHCOO -<~CH2CH20-)-9CCDCH=CH2 , CH2=CHCOO -4-CH2CH20HHl4COCH=CH2 , ^ 

CH3 (:h3 
CH2=CC00 — <-CH2CH20 4-^4C0C=CH2, and 35 
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neopentyl glycol, hexylene glycol, dihydroxyethyl ether of bisphenol A. dthydroxyethyl ether of hydrogenated 
btsphenol A, cydohexane dimethanol, dihydroxyethyl ether of bisphenol A tetrabromlde. and diol-termlnated 
polyester compounds may be exemplified 

As the photopolymerization Initiator used as the fourth component (D) In the present invention, there can be 
5 mentioned benzoin , benzoin alkyt ethers, anthraquinone denvatrves, bertzanthrone derivatives, 2,2-dimetho)^- 
2-phenylacetone, 1-hydroxycyclohexyi phenyl ketone, 2-methyK4'(niethyIthlo)phenyI3-2-morphollno-1-pro- 
panone. ben^ derivatives, benzophenone derivatives. 4,4'-bi5^imethylamlnob9nzophenone, xanthone 
derivatives, thioxanethone derivatives, biimidazoles. trichloromethyl-s-triazines, 3.4,3'.4'-tetra(t-butytperoxy- 
carbonyl)benzophenone, and combinations of these compounds with pigments, amine compounds such as 
10 diall^ylaminobenzolc acid alkyi esters, altythiourea, N-phenylglycfne. etc. 

As the coating solvent (E), there can be used any of those having a proper melting point and capable of 
dissolving the composition, the examples thereof being methyl ethyl ketone, methyl isopropyl ketone, methyt 
isobut^ ketone, methyt celtosolve, ethyl cellosolve, butyl cellosolve, propylene glycol monomethyl ether, 
propylene glycol monoethyt ether, cyclohexanone, cellosolve acetate, carbitol. and carbttol acetate. 
15 The high-molecular compound (A) which Is an essential component of the photopolymerizable composition 
of the present Invention, and have a weight-average molecular weight of not less than 10,000 and a 
polymerizable double bond in the ^de chain is contained in an amount of 10 to 80<Vb by weight, preferably 10 to 
50(M by weight based on the total solid content excluding the coating solvent. 

The polymerizable monomer (B) of the formula (I) which is another essential component of the composition 
20 of the present invention Is contained In an amount of 10 to 70<M) by weight, preferably 15 to 50% by weight 
based on tiie total solid content. 

The compound (C) Is used in an amount of not more than 40% by weight, preferably 5 to 25P* by weight 
based on the total solid content 

The photopolymerization initiator (D) ts used In an amount of 0.05 to 10% by weight preferably 0,3 to 6% by 
25 weight based on the total solid content 

The compo^on of the present invention may further contsdn an ordinary (meth)acrylate compound such as 
epoxy (meth)acrylate compounds, ester (metii)acrylate compounds and the like. 

It Is also possible to add the inorganic fine particles of not more than 10 ^ in average diameter. For 
example, talc, calcium carbOTiate, silica, barium sul^te, day, kaolin and the like can be used as such particles. 
30 The amount of such Inorganic fine partides added Is In the range of 10 to 50% by weight based on the total 
solid ccmtent 

Other additives such as heat polymerization Inhibitor, colorant plasticizer. pnnt-out material, fiame 
retardant etc., may be blended as desired. 

Various coating methods such as roll coating, curtain coating, screen printing, etc.. can be emptoyed for 
35 coating the composition of the present invention on a base plate. In the case of curtain coating, it is 
recommended to adjust the viscosity of the composition just before coating to 100 to 1 .500 cps. preferably 150 
to 500 cps. After the composition has Iwen duly coated on the whole surface of a printed drcuit board and the 
llke.the solvent is removed and ttien the area where solder is not to be deposited ts masked, followed by image 
exposure and development For the development a 1,1,1-trichloroethane solution or a weakly alkaline solutipn 
40 is prefisrabiy used as developer 

The composition of the present Invention exhibits very good developabilHy espedally when these 
developers are used. 

Other applications of the composition of the present Invention indude permanent protective coat of 
electrons parts and conductors, insulating protective film for integrated circuits, other permanent protective 
45 coats and predslon Image resist It can be also applied to various types of resists and printing plates. 

The photopolymerizabte composition of the present Invention has excellent resolving performance, high 
sensitivity, high solvent resistance and good adhesiveness to solder. It Is also suited for forming a coating film 
which can serve as a protective mask, such as a solder resist for printed cffcuit t>oards. 
The present invention will be described more particularly bekm by showing the examples thereof as well as 
50 comparative examples, but the invention Is not limited In its scope by these examples but can be otherwise 
embodied without departing from the scope and spirit of the Inventloru 

EXAMPLE 1 

The compounds shown in Table 1 of the parts by weight also shown in the Table 1 . and 1 part by weight of 
5? benzophenone. 0.4 parts by weight of Michler's ketone and 0.2 parts by weight of phthalocyanlne green were 
dissolved or dispersed In 1 00 parts try weight of methyl cellosolve to form a photosensitive solution (400 cps in 
viscosity), and this solution was coated on a printed drcuit board by using a curtain coaterand dried to obtain 
a 70 )im thick coating film. The viscosity was measured by an E type viscometer at a rotor speed of 20 r.p.m. In 
a state where the photo-sensitive solution was moving to an extent that the thixotropy of the solution wouldn't 
60 substantially take place. Then the coating film was exposed through an image masking film by a 2 KW 
ultra-high pressure mercury lamp from a distance of 60 cm, and the degree of adhesion of the masking film 
was evaluated. 

Then the coating film was subjected to spray development with a 1,1 ,1-trichloroethane developing-sotution 
for 2 minutes to obtain a resist image. After 6\raluating the devetopability and sensitivity, the film was exposed 
65 by using a high-pressure mercury lamp of 80 W/cm in light intensity from a distance of 20 cm at a conveyor 



6 



0 249 468 

speed of 1 m/mln and then subjected to a heat treatment at 135" C for 20 minutes to prepare a sample for 
evaluation. The results are shown in Table 1. 
The evaluation methods for the respective Items of evaluation are explained below. 

Tackiness of the coating film: ^ 

1 No tackiness" Positioning of the masking film could be done without a hftch, and there took place 

no adhesion of the film after exposure. 

2 Slight tackiness was observed, but it offered no problem practically. 

3-4 ... The coating film had tacWness. It caused some difficulties in positioning the masking film. There 
was observed adhesion of the masking film after exposure, 

5 Tbe coating film had a fairly high degree of tackiness. It was hard to peel off the masking film after 

exposure. 

Developability : ^ ^ ^, ^ 

This was evaluated by visually observing the remnant of the resist at the non-exposed portion after 15 

development 

1 No resist remained. 

e 

3 Resist remained slightly. 

e (Unacceptable for practical use.) ^ 
5 It was impossible to canry out development. 

Sensitivity : 

The number of solid steps was recorded by using Kodak 21 -Step Wedge. 

25 

Solvent resistance : 

Each sample was Immersed in dichloromethane at room temperature for one hour, and the separation of the 
resist and the resist surface roughness were visually observed. 

Adhesiveness : ^ 

The resist provided on a solder through-holed base plate was immersed in solder of 265*' C for 5 seconds, 
and then the resist on the soWer circuit was cut Into 100 equal portions and subjected to a cellophane tape 
peel-test, observing whether the resist was peeled off or not. 

EXAI^PLE 2-9 and COMPARATIVE EXAMPl-ES 1 -8 35 

The samples for evaluation were prepared in the same way as Example 1 except that the compounds shown 
in Table 1 and 2 were used in the amounts (parts by weight) specified in the Tables 1 and 2, and they were 
evaluated as in Example 1. The results are shown In Tables 1 and 2. 
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The compounds shown by symbols in the tables are as follows: 
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(A)-1 

' -<-^2-{%:08 ^™2-f^0.92 

COOCH-CHCH-OCCH=CH^ COCXIH. 
OH O 

Weight-average molecular weight (hereinafter referred to as Mw) = 17 x 10^ 
IS (Ah? 

CH3 CH^ CH3 

^ ^^«2-<)+0:2 ^"^l-j^ ^^^2-<;^0.7 

COOCH-3CHCH«OCCH=CH- COOCH-CH-CH- COOCH-, 

2| 2 ft 2 2 \ / 2 3 

OH O 0 
^ Mw = 10 X 10^ 



30 (A)-3 

Diallyl phthalate polymer 'Daiso Isodap' (made by Osaka Soda Co., Ltd.) Mw » 5 x 10^ 
(B)-1 

CH2=CHCOOCH2CH2^/\„^CH2CH20COCH=CH2 



40 
45 

(B)-2 

P 



CH^ CH2C0(X::H=M3H2 
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CH2CH20C0CH=<:H2 



tCH - 
N-vinyl-2-pyrroIidone 
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(C)-2 

~CH2=CHCOO -(-CH2CH2O UCOCH-CH2 
A-IP-B-IP-A 

CH- 
I 3 

(wherein A is CH2=CCOCH2CHCH20CCH=CH2 , 

0 0 0 



IP IhI^ CH2NHC- , and 



-C-NH^ rw O 

Jl 3 
O 



B is -OCH^-< H y-CE^O-) 



iC)-4 

U-108A (urethane acrylate produced by Shin Nakamura Kagaku K.K,) 
A-IP-A 

(wherein A and IP represent the same as defined above) 
(D)-1 • 

fa 

COOCH^ COOCH3 
4 

Mw = 10 X 10^ 



(D)-2 



?«3 ?^3 



-<-CH,-C ^ f-CH2-C ^ 02 

I 0.08 I 

COOCH-CHCH^OCCH=CH- COOCH^ 
2, 2 jj 2 

OH 0 

Mw = 5 X 10^ 
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OH O OH ^ OH J. 

OCH2CHCH20CCH=CH2 OCH2CHCH20CCH=CH2 OCH2CHCH20CCH=CH2 



Mw = 3.5 X 10^ 



SP-1507 (bisphenol A type epox/ acrylate produced by Showa Kobunshi K.K.) 

iiki " 

Trimethylolpropane triacrylate 



Claims 



1. A photopolymerizable composition comprising at least (A) a tiigh-molecular weight compound 
having a weight-average molecular weight of not less than 10,(XX) and having a polymerizable double bond 
3Q In a side chain, and (B) a polymerizable monomer of formula (1 ) : 

O 



R^0CE2CE2-^ -^jj^CH2CH20R^ 



O ! 0 



CH2CH20R^ 



wherein R^, and R* independently are hydrogen or a 



45 \ ^ 

-C-C=CH, 

0 



50 or 

-C-CH=CH 



t 



2 



group, with the proviso that two or more of them are not simultaneously hydrogen. 
- 2. A composition according to daim 1 wherein the high-molecular weight compound Is present in an 
amount of from 10 to 80«Vb by weight, and the polymerizable monomer of fomiula (I) is present In an 
eo amount of from 10 to 704^ by weight, based on the total solids content of the composition. 

3. A composition according to claim 1 or 2 which further comprises at least one substance (C) which is 
lsMrinyl-2-pyroltdone. a urethane (meth)acrylate compound or a monomer comprising units of formula (11), 
a photopotymerization initiator and a coating solvent: 

65 
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HCHjO (II) 



4. A composition according to claim 3 wherein the at least or^e substance (C) Is present in an amount of 
not more than 40% by weight based on the total solids content of the composition. 

5; A composition according to any one of claims 1 to 4 wherein the high-molecular weight compound 
comprises units of formula (III): 

-t"2-f<-j ,111) 

COOR OCC=CH- 

II ^ . 

wherein R* and independently are hydrogen or a methyl group and R^ Is a 

25 

-CHj CHCH^ - ,-CHj CHj - or -CH^CH- 
OH CH3 

group. 30 

6. A composition according to any one of claims 1 to 5 wherein the weight-average molecular weight of 
the high-molecular weight compound Is from 30.000 to 300,000. . 

7. A composition according to any one of claims 1 to 6 which further comprises inorganic fine particles 
having an average diameter of not more than 10 jim. 

8. A composition according to dalm 7 wherein the inorganic fine particles are present in an amount of 55 
from 10 to 50% by weight based on the total solids content of the composition. 

9. A composition according to any one of claims 1 to 8 having a viscosity in the range of 0.1 to 1 .5 Pas 
( 1 00 to 1 ,500 cps) and in a f omi such that it can be coated on printed circuit boards by a curtain coater. 

10. Use of a compkjsition as defined in any one of claims 1 to 9 as a solder photoresist in the production 

of printed circuit boards. 40 

11. A printed circuit board, electronic part, conductor, resist or printing plate comprising a protective 
layer of a composition as defined in any one of claims 1 to 9 which has been subjected to a polymerization 
treatment. 
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